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ABSTRACT 
Circular Economy (CE) is expected to accelerate the emerging shift in resource consumption 
from finite to renewable, and plants are key in enabling the switch as industries would opt 
more and more for resources with a bio-based origin. Cities have an important role in the 
process not only as the main consumers of the resources but also because vegetation provides 
numerous tangible and intangible ecosystem services essential for the wellbeing of urban 
dwellers. But the urban lands are heavily burdened with present activities and ongoing 
urbanisation. Retrofitting obsolete and potentially contaminated brownfields within the urban 
periphery provides an opportunity to engage in bio-based land uses. At the same time, 
vegetation can be incorporated with Gentle Remediation Option (GRO), a possible 
alternative and more sustainable option over common ‘dig and dump’ remediation to manage 
risks due to contamination and restore soil health. The overall aim of this thesis is to identify 
bio-based land use opportunities on urban brownfields and to develop appropriate decision 
support to assess the potential for their realisation. This thesis presents a framework for 
assessing the bio-based land use potential on brownfields consisting of three practical tools: 
a conceptualisation of linkages between GROs and prospective Urban Green Space (UGS) 
uses, a scatter diagram for the realisation of 15 UGS opportunities on brownfields, and a 
decision matrix to analyse the requirements for UGS on brownfields. The decision matrix 
tool is applied to the case study site Polstjärnegatan in Gothenburg, Sweden, where six 
potential UGS uses are filtered out for the site. The assessment of bio-based land use potential 
on urban brownfields can be further improved by incorporating stakeholder planning and 
governance, decision support for the site-specific applicability of GRO and GRO selection, 
and land use specific risk management.  
Keywords: Circular Economy (CE), Bio-based CE, Brownfields, Gentle Remediation 
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The first chapter of the licentiate thesis provides a brief backgroun d of the 
research (which is further elaborated in chapter 2) and presents the research 
aim and the main objectives. It also lays out  the scope of work followed by 
clarifying some limitations.   
1.1 Background 
The global economy has grown exponentially since the industrial revolution made mass 
production of goods possible (Prendeville et al., 2018; Winans et al., 2017). Current linear 
‘take-make-use-dispose’ economy has seen the material consumption increase by 800% in 
the past hundred years and it is expected to triple in the next thirty years (Krausmann et al., 
2009; Lieder & Rashid, 2016; Prendeville et al., 2018; UNEP, 2011; Winans et al., 2017). 
As studies like ‘Planetary boundary’ suggests, earth’s resources are stretched to its limit and 
will not be able to sustain such an economic system for long (Rockström et al., 2009). The 
concept of Circular Economy (CE) addresses these concerns by proposing an economic 
system that keeps finite resources in a closed material flow loop and promotes the usage of 
renewable resources wherever possible (Ellen MacArthur Foundation, 2013; Sauvé et al., 
2016). Circular Economy (CE) has been widely regarded as a comprehensible concept 
targeting resource efficiency and wider sustainability issues such as climate change 
(Domenech & Bahn-Walkowiak, 2019; Mont et al., 2018). Various CE strategies are also 
being implemented at the policy level by governments; the European Union has enacted a 
‘Circular Economy Action Plan’ in 2015 that proposes a combination of legislative and non-
legislative measures for wider adoption of CE strategies (COM/2011/0571; European 
Commission, 2015).   
While CE sets clear circular strategies for the usage of non-renewable resources such as 
metals, for some resources, such as soil, the direction is less obvious. Apart from being the 
source of most finite resources, Breure et al. (2018) define soil as a non-renewable material 
in itself due to its slow formation and recovery processes. Besides this, soil and land are 
essential for vegetation that is the main renewable alternative to finite resources (Breure et 
al., 2018). Products designed and made with bio-based resource alternatives are the driving 
force of changes in CE, which is likely to increase the pressure on fertile landscapes that are 
already overstressed in satisfying the primary need of food (Ellen MacArthur Foundation, 
2013; European Commission, 2017, 2019). As centres for socio-economic activities and 
dense human settlements, cities see an even more concentrated and intensive use of land that 
is also likely to increase due to on-going urbanisation (United Nations, 2014; Wu, 2014). 
More than half of the world population is now urban and to support the growing influx of 
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new inhabitants, cities expand spatially even faster, twice the times of their population growth 
rates on average (Angel et al., 2011; United Nations, 2014; Wu, 2014)(The World Bank, 
2020). The land consumption of cities, however, is likely to be monitored under policy 
implementations, such as the ‘No net land take by 2050’ goal which was launched by the EU 
in 2011 (COM/2011/0571). But there remain pockets of urban land that are known as 
‘brownfields’, lands that were once in use and are now derelict and abandoned but can be 
crucial in urban development under such situations (Ferber et al., 2006; Loures, 2015).  
Brownfields can be considered as valuable waste from a linear land use system and a resource 
that provides multifaceted opportunities in a circular urban land use system (Loures & 
Panagopoulos, 2007). Bringing brownfields back in use is, however, both an expensive and 
complicated process due to real or perceived contamination related to previous uses (Reddy 
et al., 1999). Vegetation provides an opportunity to not only explore scopes of bio-based 
products in the urban periphery but also as a potential remediation strategy to reduce the 
ecological and human health risks (Dickinson et al., 2000; 2009; Diplock et al., 2010). Plant-
based risk management, or phytoremediation, has been discussed as an alternative to the 
resource-intensive ‘dig and dump’ remediation technologies when redeveloping brownfields 
for green land use (Carlon et al., 2009; A. Cundy et al., 2015; EEA, 2014) For example, 
combining biofuel feedstock and other bio-based production with a phytoremediation process 
can potentially become a ‘self-funding land management regime’ for brownfields 
(Andersson-Sköld et al., 2014). Furthermore, vegetation guarantees the liveability of the city 
by providing numerous ecosystem services essential for its inhabitants’ wellbeing (Wolch et 
al., 2014). Practising bio-based production on brownfields results in bio-based land uses 
which will increase the greenspaces in the urban fabric, thus contributing to the tangible and 
intangible services provided by the urban greenspaces. Such roles of brownfields and urban 
greens are yet to be discussed and explored in the context of bio-based CE. 
1.2 Aim and objectives 
The overall aim of this thesis is: 
to identify bio-based land use opportunities on urban brownfields and to develop 
appropriate decision support methods to assess the potential for their realisation.  
To reach the overall aim, the thesis has the following specific objectives: 
• To develop a bio-based land use framework consisting of different tools for 
practitioners and researchers in the brownfield domain to understand and assess the 
potential of different bio-based land uses on urban brownfields; 
• To apply the tools on a case study to review its practicality; 
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• To identify issues that are urgent for realising bio-based land uses and needs further 
elaboration/investigation.  
1.3 Scope of work 
Achieving the objectives of the licentiate thesis require studying the intersection of CE, bio-
based land us and urban brownfields using a multidisciplinary approach. To understand the 
relevant topics, the thesis starts with a theoretical background that elaborates and links these 
topics. The theoretical background is presented in Chapter 2. A more elaborate coverage on 
the topics can be found in the literature review report ‘Urban Potential in Bio-based Circular 
Economy’ (Chowdhury, 2020). Chapter 3 elaborates the methodology adopted to achieve the 
aim and objectives of the licentiate thesis and details out the specific tasks required. The 
subsequent tasks performed to achieve the specific objectives of the thesis are presented in 
Chapter 4 and have been elaborated as follows. 
• Study on bio-based land use options and subsequent ecosystem services is performed 
to provide supporting material required for developing a bio-based land use 
framework development. The output is presented in Section 4.1   
• The proposed bio-based land use framework is presented in Section 4.2. The 
framework consists of: a) a general conceptualisation of how the potential for bio-
based production on brownfields is linked to soil contamination, gentle soil 
remediation options and time; b) a graphical representation to assess the potential for 
realisation of bio-based land uses on brownfields in relation to involved interventions 
and time spans; c) a decision matrix showing how site-specific brownfield conditions 
affect the potential for different types of bio-based land uses.  
• The decision matrix tool of the framework has been applied to a brownfield site in 
Gothenburg, Sweden to test and evaluate it based on a real-world application. The 
output of the application along with the possibilities, strengths, limitations, and 
required adjustments are presented in Section 4.3. 
The framework development and its application have been reflected upon, the issues that 
require further investigation have been identified, and ongoing work on the issues has been 
put forward. The process is summarised in Chapter 5. The thesis outcome is further discussed 





The limitations of the licentiate thesis are as follows: 
• As it is a multidisciplinary research, the focus has been put in linking different fields 
of interest rather than an in-depth exploration of each topic. Thus, the thesis provides 
a limited investigation but the possible extent of the research is outlined as ongoing 
work in Chapter 5. 
• CE is a rather new and developing concept and the outlook of CE is constantly getting 
updated. Only discussions on CE published prior the writeup has been considered in 




2 THEORETICAL BACKGROUND 
This chapter firstly explains different concepts related to the research, secondly 
connects them to provide the necessary arguments, and thirdly builds  on the 
findings to elaborate the specifics of the research scopes.  
2.1 Circular Economy (CE) 
The present economic system is dominated by a linear ‘take-make-use-dispose’ model where 
virgin resources are extracted to create products that are destined for landfills after their end 
of usefulness (Ellen MacArthur Foundation, 2013; Franco, 2017; Pitt & Heinemeyer, 2015). 
This mode of consumption considers the nature’s resource as limitless but empirical evidence 
suggests otherwise (Franco, 2017). The impact of this relentless consumption coupled with 
explosive population growth has pushed planetary boundaries to their limits (Pengra, 2012; 
Sauvé et al., 2016).  
 
        Linear Economy                                                                  Circular Economy 
Figure 1. Linear economy vs. Circular Economy. Adapted from Sauvé et al. (2016). 
Circular Economy (CE) is a response addressing the limitations of the linear economic 
system. It takes place in a loop where resources are in circular movements within a system 
of production and consumption (Figure 1) to optimise the use of resources and reduce waste 
at each step by recovering, reusing, or recycling (Sauvé et al., 2016). Circular Economy (CE 
is considered a credible sustainability operationalising tool for balancing ambitions for both 
economic growth and environmental protection (Ghisellini et al., 2016; Kirchherr et al., 
2017). One prominent concept of CE, Cradle to Cradle, distinguishes two material cycles 
within CE, biological and technical (Braungart EPEA, 2018). The Ellen MacArthur 
Foundation builds on that to create the CE systems diagram that is more commonly known 
as the ‘Butterfly diagram’ to map the flows and interconnections of the two material systems 
(Figure 2) (Ellen MacArthur Foundation, 2013).  
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The green cycles on the left side of the diagram represent the biological materials that are 
sourced from the biosphere and can safely re-enter the natural world (Ellen MacArthur 
Foundation, 2013, 2020). The blue cycles on the right side of the diagram, instead, represent 
the technical materials (Ellen MacArthur Foundation, 2013, 2020). These materials, such as 
metals and plastics, are finite resources and cannot re-enter the environment safely and thus, 
should continuously cycle through the system for maximising their value (Ellen MacArthur 
Foundation, 2013, 2020).  
 
Figure 2.  The Circular Economy systems diagram. From the Ellen MacArthur Foundation 
(2019). 
2.2 The biological cycle of Circular Economy 
The biological cycle of CE will provide biodegradable alternatives, such as biofuel and 
bioplastics, and is considered to be the main driver in cutting CO2 emission and fossil fuel 
consumption (Ellen MacArthur Foundation, 2013; European Commission, 2019; Kirchherr 
et al., 2017; Pimentel & Patzek, 2006). The dominating bio-based product by far is food crops 
and the growing global population would likely need that production output to be maintained 
if not increased (Figure 3) (European Compost Network, 2019; Vermeulen, Campbell, & 
Ingram, 2012). After the food products, biofuel is potentially the bio-based product most 
explored. Interest in biofuels as fossil fuel alternatives came to the forefront during the 1970s 
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fuel crisis (Hansen et al., 2005). Biofuel feedstock in the early days was made of edible food 
crops that gave rise to the ‘fuel vs. food’ debate (Marlair et al., 2009). This debate prompted 
the production of biofuel using biowaste and, presently, work is ongoing to produce biofuel 
entirely from algal biomass (Lee & Lavoie, 2013; Marlair et al., 2009). Apart from food crops 
and biofuel, several products from different domains of consumptions use resources of bio-
based origin (e.g. paper, wool) and many are now shifting towards bio-based alternatives 
(e.g. bioplastics).  
 
Figure 3. The biological cycle in the Circular Economy (CE). From the European Compost 
Network (2017). 
2.3 Soil and land in a Circular Economy - a case for Urban Brownfields 
The role of soil and land in CE is multidimensional as they are important common pool 
resources (Priyadarshini & Abhilash, 2020). CE is progressively becoming the most 
commonly used discourse to address sustainability issues in land-use intensive industries 
(D’Amato, Korhonen, & Toppinen, 2019). Breure et al. (2018) explain that soil in itself can 
be considered a non-renewable resource due to its extremely slow formation and recovery 
processes in the CE systems. Soil also acts as a medium containing other finite resources of 




Figure 4. Bio-based CE in soil and land restoration (SLR) enabling the protection of related 
ES and the SDGs. From Priyadarshini and Abhilash (2020). 
When it comes to the biological cycle, soil supports the terrestrial nature inherent in sourcing 
bio-based resource input (Breure et al., 2018). The value of soil and land in supporting nature 
and society is better explored in the term of Ecosystem Services (ES), where an array of 
services (prominently provisioning services, but to a large extent also regulating, supporting, 
and cultural services) have been investigated highlighting their indispensable role (Jónsson 
& Davídsdóttir, 2016; Masi et al., 2018). The importance of protection and restoration of soil 
and land resources is well reflected in several UN Sustainable Development Goals (SDGs), 
both directly (SDG 2 – Zero Hunger, SDG 15 – Life on land), and indirectly through different 
indicators and targets (SDG  6 - Clean water and sanitation, SDG 7- Affordable and clean 
energy, SDG 8 – Decent work and economic growth, SDG 12 – Sustainable cities and 
communities, SDG 13 – Responsible consumption and production) (Priyadarshini & 
Abhilash, 2020; United Nations, 2020). The notion of CE can be helpful in threading the 
existing sustainability paradigms (e.g. SDG, waste hierarchy) to bring forward policies 
enabling the protection and restoration of soil and land resources (D’Amato et al., 2019; Goh, 
2020; Priyadarshini & Abhilash, 2020). Priyadarshini and Abhilash (2020) outline the need 
for an integrated adoption of bio-based CE for soil and land restoration (SLR) that would 
help protect the ES provided and thus help to attain the SDG goals related to soil and land 
(Figure 4).  
Urban land is getting increasingly burdened as the urban population is expected to grow from 
the current 3 billion to 6 billion by 2050 (Bučienė, 2003; European Commission, 2017; 
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United Nations, 2014). Apart from supporting the influx of the growing population, urban 
land will also have an important role in the CE. To accommodate such growing needs, land 
in the cities needs to be utilised to the maximum. The abandoned, barren, underutilised, and 
often contaminated land commonly known as ‘brownfields’ can potentially provide the 
opportunity to meet the increasing need. Brownfields can be defined as sites that ‘have been 
affected by former uses of the site or surrounding land, are derelict or underused, are mainly 
in fully or partly developed urban areas, require intervention to bring them back to beneficial 
use, and may have real or perceived contamination problem’ (Dixon et al., 2007; Ferber et 
al., 2006). Given the context of CE, brownfields can be conceptualised as valuable waste 
resulting from the ‘linear’ land use, lands that were previously useful but now lays to waste 
(Figure 5) (Breure et al., 2018; Loures & Panagopoulos, 2007). In the circular land use 
system, brownfields are considered as a resource in the transition from abandonment to 
redevelopment and reuse (HOMBRE, 2014). 
 
Figure 5. A conceptualisation of the Circular Urban Land use system. 
Much like all the other resources, cities are the biggest consumers of bio-based products 
although the production mostly takes place in the agrarian landscapes outside the urban 
periphery (UNEP-DTIE, 2012). Even with three-quarter of the population living in urban 
areas, many cities in Europe are still expanding both spatially and in the population (United 
Nations, 2014). Such expansion results in the loss of fertile farming land in two ways: land 
encroachment due to urban sprawl (EEA, 2018), and abandonment because of lack of 
maintenance due to rural population loss (Bučienė, 2003). As the urbanisation process will 
continue to surge, the EU region is set to lose another 2.5 million hectares of land by 2030 
(European Commission, 2017). To sustain the growing urban population with decreasing 
agrarian land, pressure on cities will mount for sourcing bio-based products from within. 
Brownfields can provide the opportunity for engaging a bio-based CE in cities given the lack 




2.4 Bio-based production in Brownfields 
Brownfields in the cities are often centrally located due to being previously used (Frantál et 
al., 2012). Hence, brownfields are the potentially lucrative location for future development 
but the main detriment of these lands remaining abandoned is the possibility of the actual and 
potential contamination (Coffin, 2003). Bio-based production in such undervalued locations 
not only provides opportunities for CE integration within the cities but also scope for 
providing much-needed vegetation in the often dense urban fabric (Loures & Panagopoulos, 
2007; Loures, 2015). Contamination, proven or alleged, can also be limiting for certain types 
of bio-based production, such as food crops, but guidelines are being developed for safe 
practices (Hahn, 2013; US EPA, 2011). Other types of bio-based production, like cultivating 
biofuel feedstocks, can now even take place directly on contaminated soil (Enell et al., 2016).  
Bio-based production will inevitably result in bio-based land uses and the urban context 
carries the possibility to heighten and diversify their purpose and necessity. Bio-based land 
uses in cities can be understood as Urban Greenspaces (UGSs), i.e. basically vegetated open 
spaces that provide an array of ES essential for maintaining the health and wellbeing of the 
urban dwellers and the urban environment (Perino et al., 2011; Ståhle, 2010). Urban 
Agriculture (UA) can be categorised under the UGS typology and in itself represents a 
selection of land uses with a different purpose and user intensity. UGS and UA are described 
briefly in the following sections. 
2.4.1 Urban Greenspaces 
The importance of UGS as an indicator of liveability has come to the forefront during the 
19th century when the cities started to grow spatially and in population (Swanwick et al., 
2003).  With time, UGS in the cities have been growing both in number and variety. The 
wide variety of greenspaces that can be observed in European cities has been identified and 
categorised by Green Surge, a pan-European research collaboration of 24 institutes of 9 
countries funded by European Union (Haase et al., 2015). Green Surge developed an 
inventory of 44 UGS elements that are further categorised in 8 categories  (Cvejić et al., 
2015). The study used existing pan-European data sets, the Urban Atlas, and Corine land 
use/land cover (CLC) to create the inventory (Copernicus EU, 2020a, 2020b; Cvejić et al., 
2017). Brownfields can be considered listed as the UGS element 33: an abandoned, ruderal 





Table 1. The UGS elements inventory. Adapted from Cvejić et al. (2015). 
UGS categories List of UGS elements  
Building greens UGS elements 1-6 
Balcony green; Ground-based green wall; Facade based green 





and UGS related 
to grey 
infrastructures  
UGS elements 7-12 
Tree alley, street tree, and hedge; Street green and green verge; 
House garden; Railroad bank; Green playground; School ground. 




UGS elements 14-23 
Large urban park; Historical park/garden; Pocket park; Botanical 
garden/arboreta; Zoological garden; Neighbourhood green space; 
Institutional green space; Cemetery and churchyard; Green sports 
facility; Camping area. 
Allotment and 
community greens 
UGS elements 24-25 
Allotments; Community gardens 
Agricultural land  UGS elements 26-30 
Arable land; Grassland; Tree meadow/orchard; Biofuel 
production/agroforestry; Horticulture 
Natural, semi-
natural, and feral 
areas 
UGS elements 31-37 
Forest (remnant woodland, managed forests, mixed forms); 
Shrubland; Abandoned, ruderal and derelict area; Rocks; Sand 
dunes; Sandpit, quarry, pen cast mine; Wetland, bog, fen, marsh 
Blue spaces UGS elements 38-44 
Lake, pond; River, stream; Dry riverbed, Rambla; Canal; Estuary 
delta; Sea coast 
 
2.4.2 Urban Agriculture 
Urban Agriculture (UA) is instrumental in instilling a degree of self-sufficiency in food 
production necessary for a resilient and sustainable city (Barthel & Isendahl, 2013) and can 
simply be explained as growing food crops within the city. It is practised by around the world 
by about 800 million people where most urban farmers grow food largely for self-
consumption (FAO, 2019; Mougeot, 1999). UA varies in size, intensity and practice – from 
backyard vegetable patches to large allotment gardens with thousands of plots under city 
administration – all falling within the boundary of UA. From the Green Surge UGS inventory, 
6 most commonly practised form of UA can be identified among the UGS elements: roof 
garden (UGS elements 4 and 5), house garden (UGS element 10), neighbourhood greenspace 
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(UGS element 19), allotment garden (UGS element 24), community garden (UGS element 
25), and meadow orchard (UGS element 28), (Cvejić et al., 2015). Figure 6 below presents 
examples of such UA types. 
 
Figure 6. Examples of different types of UA: a. Community garden in Toledo, Ohio; b. 
Allotment garden in Salinas, California; c. Private garden (house garden) in Toledo, Ohio; 
d. Easement garden (neighbourhood greenspace) in Melbourne, Australia; e. Rooftop garden 
in New York City; and f. Urban orchard (meadow orchard) in San Jose, California. Photos 
courtesy of P. Bichier (a, b, f), P. Ross (c), G. Lokic (d), and K. McGuire (e). From Lin et al. 
(2015).  
2.5 Managing risks on urban brownfields 
One of the biggest challenges for retrofitting brownfields in green land uses is the probable 
soil contamination of urban soils. Previous, ongoing, or even adjacent uses can result in 
continuous accumulation of contaminants on urban soil (Debolini, Valette, François, & 
Chéry, 2015; Luo, Yu, Zhu, & Li, 2012; Yousaf et al., 2017). Kennen & Kirkwood (2015) 
provide a classification of contaminants and the associated activities that can be a source of 
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the pollution, summarised in Table 2. Contamination present in soil can be also transported 
to other environmental media (e.g. groundwater, surface water, air) and these contaminated 
sites pose a potential threat to human health and the environment (Luo et al., 2012; Öberg & 
Bergbäck, 2005; Scullion, 2006).  
Table 2: Type of contaminants and typical source activities. Adapted from Kennen & 
Kirkwood (2015). The same grouping of the contaminants and colour coding is maintained 
in Figure 8. 
Organic pollutants 
Contaminant group Typical source activities 
Petroleum Fuel spills, leaky storage tanks, railway corridors, industrial 
activities 
Chlorinated solvents Dry cleaners, military activities, industrial activities 
Explosives Military activities, munition manufacturing and storage 
Pesticides 
Agricultural and landscape applications, railway and 
transportation corridors, residential spraying for pests 
Persistent Organic 
Pollutants 
Agricultural and landscape applications, former industry, 
atmospheric deposition 
Other organic 
pollutants of concern 
(Glycols, 
pharmaceuticals, etc.) 
Wastewater, embalming fluids, aircraft de-icing fluids 
Inorganic pollutants 
Contaminant group Typical source activities 
Plant macronutrients 
Wastewater, stormwater, agriculture and landscape 
application, landfill leachate 
Metals 
Industrial uses, mining, agricultural applications, roadways, 
landfill leachate, piments, lead paint, emissions 
Salt Agricultural activities, roadways, mining, industrial uses 
Radioactive isotopes Military activities, energy production 
Humans might be risking exposure to contamination through various pathways such as 
dermal contact with contaminated media, ingestion of contaminated soil, consumption of 
food grown on contaminated soil, and inhalation of dust or vapours, etc. (Figure 7) (Scullion, 
2006; SEPA, 1996). To ensure the safety of human health and ecosystems, ‘critical soil 
contamination’ or ‘guideline value’ are developed by national or international environment 
protection agencies to indicate contamination levels that do not pose an unacceptable risk to 
humans or ecosystems (SEPA, 1996). The Swedish Environment Protection Agency (SEPA), 
for example, provides generic soil guideline values and a calculation sheet to develop site-




Figure 7: Possible contamination transport and exposure pathways for a brownfield. From 
SEPA (1996). 
The management and decisions concerning retrofitting urban brownfields would require an 
in-depth assessment of the risk posed by the contamination present at the site (Öberg & 
Bergbäck, 2005). Risk assessments on brownfields essentially evaluate the risk of adverse 
effects on receptors, humans or ecosystems, as a result of exposure to the contamination 
present on the soil (Carlon et al., 2009). A tiered approach is often applied in contaminated 
site risk assessment, going from a simplified assessment to a more in-depth assessment of 
risks. The tiered approach for exposure risk assessment proposed by World Health 
Organization /International Programme on Chemical Safety (WHO/IPCS) (Meek et al., 2011; 
Silins et al., 2011) is briefly described below: 
• Tier 1 assessment – Point estimates of generic exposure scenarios are used as a 
measure of risk to determine whether further assessment is necessary. These estimates 
are commonly based on broad, conservative scenarios addressing a range of 
somewhat similar uses with limited numbers of parameters being included. 
• Tier 2 assessments – Risk assessment with better defined and specific scenario 
estimates with the incorporation of increasing amounts of measured data. Risk models 
can be used to synthesise data and compare with the estimates which are still 
considered conservative, but they are believed to be more realistic.  
• Tier 3 assessments – Risk assessment with estimates of exposure factors or measured 
data that are probabilistic in nature This approach requires detailed information on 
exposure for the scenarios of interest for the relevant populations.  
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2.6 Bio-based remediation of Brownfields: Gentle Remediation Options 
Apart from the widely discussed necessities and benefits of UGS, vegetation on brownfields 
is also a low-cost and effective solution to bring the derelict lands back in use (French et al., 
2006). But most importantly, vegetation can also potentially provide effective remediation 
strategies for reducing the ecological and human health risks potentially posed by a 
contaminated brownfield (Kennen & Kirkwood, 2015). Plant-based remediation options are 
discussed as sustainable alternatives of the resource-intensive ‘dig and dump’ remediation 
(Carlon et al., 2009; EEA, 2014). The use of plants to manage the risk for human health and 
environment (i.e. phytoremediation) is part of the broader category ‘Gentle Remediation 
Options’ (GROs) that also includes remediation technologies using fungi and/or bacteria 
(Bardos et al., 2008; Onwubuya et al., 2009). Cundy et al. (2013) defined GROs as risk 
management strategies that result in a net gain (or at least no gross reduction) in ecological 
soil functions, as well as achieving effective risk management. Some common examples of 
GROs are briefly presented in Table 3. Plant-based remediation technologies are proven to 
be efficient for both contaminated soil and water, under specific circumstances, and at the 
same time helps to maintain the ecological functions (Cundy et al., 2013; Juwarkar et al., 
2010).   





Use of plants (and associated microorganisms) to uptake, store 
and degrade or transform organic pollutants. 
Phytovolatilisation Use of plants to remove pollutants from the growth matrix, 
transform them and disperse them (or their derived products) into 
the atmosphere. 
Phytoextraction The removal of metal(loid)s or organics from soils by 
accumulation in the harvestable biomass of plants. When aided by 
the use of soil amendments (e.g. EDTA or other mobilising 
agents), this is termed ‘aided phytoextraction’. 
Phytostabilisation Reduction in the bioavailability of pollutants by immobilisation 
in root systems and/or living or dead biomass in the rhizosphere 
soil. 
Rhizodegradation The use of plant roots and rhizosphere microorganisms to degrade 
organic pollutants. 
GRO technologies are best applicable for ‘green’ or bio-based reuse of a site, such as parks, 
biofuel production, and UA (Cundy et al., 2016; Erdem & Nassauer, 2013; Evangelou et al., 
2012; 2015; Fässler et al., 2010; HOMBRE, 2014; Huang et al., 2011; Tripathi et al., 2016). 
The remediation potential for GRO, however, varies greatly based on the type of contaminant 
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and GRO technology used across different time scales. Considering time constraints, 
promising phytoremediation applications are phytostabilisation, degradation of chlorinated 
solvents and petroleum products and evapotranspiration by phytovolatilisation (Figure 8) 
(Kennen & Kirkwood, 2015; OVAM, 2019). GROs, if properly implemented, can have a 
significantly lower deployment cost than conventional remediation techniques. Brownfields 
that are deemed unfit for development can thus still be beneficial, e.g. by harvesting the 
vegetation while simultaneously managing the risks posed to human health and the 
ecosystem. 
 
Figure 8: Overview of the phytoremediation potential of some contaminants and associated 
phytoremediation mechanism. From OVAM (2019); and Kennen & Kirkwood (2015)with a 
slightly adapted legend. 
2.7 Stakeholders involved in realising bio-based land use on urban brownfields 
Immediate financial incentives often motivate the redevelopment of brownfields by turning 
them into residential, commercial, or industrial land use, but the recognition of green land 
use as an alternative end-use is growing (De Sousa, 2003, 2006). For example, over 19% of 
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brownfields were retrofitted as greenspaces in the UK in the years between 1988 to 1993 (De 
Sousa, 2003). As greenspaces provide an array of services that are essential for city dwellers 
and the urban environment, a wide range of stakeholders are involved in greening the 
brownfields. Here, stakeholders can simply be defined as ‘any individual or group of 
individuals who may have influence, or be influenced, on the realisation of the purpose of an 
organisation’ (Freeman & McVea, 2005). Azadi et al. (2011) classify the relevant 
stakeholders for urban greenspace development and performance in three groups namely: 
state-all types of government from local to national level; private – includes banks, enterprise, 
manufacturers contributing to greenspace development; and society – ranging from an 
individual (e.g. philanthropists, residents) to groups (non-governmental organisations, 
community-based organisations, academic institutions). After investigating 42 urban 
greenspaces across the globe, Azadi et al. (2011) identify ‘society’ and ‘state’ to be of 
particular importance in urban greenspace performance as many get realised as public 
greenspaces.   
Government, municipal or state, plays an important role in the realisation and later, the 
performance of the brownfields retrofitted as greenspace (Azadi et al., 2011; Doick et al., 
2006). In a study analysing 12 examples of turning brownfields into greenspace in Toronto 
(Canada), De Sousa (2003) found all redevelopment projects to be carried out by the public 
sector, with the majority being attended by the parks department of the municipal 
government. Involvement of the stakeholder group, ‘society’, is also key in realising urban 
greenspaces as they are designed to serve the public (Azadi et al., 2011). The increased 
involvement of NGOs in public place development across Europe and the USA can be 
attributed to the dissatisfaction with regulatory planning failures (Azadi et al., 2011). Public 
participation in the planning process can stabilise future use by creating collective awareness 
(Azadi et al., 2011; Erickson, 2006). It can be also argued that increased public involvement 
in urban greenspace development and management can increase the sense of ownership, 
sense of belonging, and willingness to maintain urban greenspaces among the public (Azadi 
et al., 2011; Erickson, 2006).    
Considering the potential of using greening as a medium for managing the risks posed to 
human health and the environment by the contamination of the brownfields, the involvement 
of additional groups of stakeholders becomes necessary. For instance, regulatory authorities 
monitoring the safety of the brownfield site and experts in the phytoremediation technologies 
are needed if bio-based remediation is to be considered in the brownfield redevelopment 







This chapter provides the methodology adopted to achieve the research 
objectives. It is divided into four phases: framework support, realisation, 
application, and reflection. The phases are outlined with steps taken to reach 
the phase target.  
The process for developing a bio-based land use framework, the application of the framework 
in cases, and reflections on future work is structured into nine different steps divided into 
four methodological phases, see Figure 9. 
 
Figure 9. Methodology for developing, applying, and reflecting on the proposed bio-based 
land use framework. 
3.1 Phase 1 – Framework support 
The first phase of the methodology created the base for the framework building on the issues 
elaborated in the theoretical background (Chapter 2) by identifying relevant green land use 
elements as well as the benefits of these green land uses in terms of ES.  
Step 1 - Providing a tentative selection of UGSs with potential for bio-based production on 
brownfields (Section 4.1.1). From the 44-item categorisation proposed by the Green Surge 
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project (Haase et al., 2015) (Section 2.4.1), a tentative selection of 15 UGS elements has been 
identified to examine as potential future bio-based land uses on brownfields. 
Step 2 - Linking the identified UGSs to the different types of ecosystem services they may 
provide (Section 4.1.2). The 15 UGSs selected from the Green Surge inventory was further 
investigated in terms of provision of ES. A literature survey was performed to present an 
inexhaustive list of ES that can be derived from the list of the UGSs potentially relevant for 
brownfields. The literature review was carried out using the Scopus database and was 
extensive but limited to the 15 specified UGSs, using the combination of search word 
“ecosystem services” AND the labels of the final set of 15 UGSs.  
3.2 Phase 2 – Framework realisation 
The second phase of the methodology aimed at conceptualising the bio-based land use 
framework by providing a set of practical tools consisting of a conceptualisation of linkages 
between different types of GROs, a scatter diagram over interventions and realisation times, 
and a decision matrix to assess UGS potential of a site. The basis of the framework is the 
literature explored in the previous steps and builds upon, but is not limited to, 
phytoremediation potential mapping (Kennen & Kirkwood, 2015; OVAM, 2019), the 
Greenland decision support framework (Cundy et al., 2015), the urban vacant land typology 
(Kim et al., 2018), models developed by Sustainable Brownfield Regeneration project 
(Ferber et al., 2006), the stages of brownfield redevelopment (Loures & Vaz, 2018), and the 
system of information categories for brownfield development (Rizzo et al., 2015).  
Step 3 - Conceptualising the linkages between different types of GROs and prospective UGS 
uses, taking soil contaminants and time frames into account (Section 4.2.1). The resulting 
first tool of the framework is a conceptual diagram illustrating these linkages. 
Step 4 – Synthesising required interventions, time frames and permanency of UGSs on 
brownfields (Section 4.2.2). The second tool of the framework is a scatter diagram that retains 
some features of the conceptual framework to provide a graphical representation of 15 UGS 
opportunities on brownfields taking into consideration the required intervention level, 
realisation time, and permanency.  
Step 5 - Identifying the site-specific basic conditions affecting the viability of UGSs and 
assessing these conditions across different types of UGSs relevant for brownfields (Section 
4.2.3). The third tool of the proposed framework is a decision matrix aimed to support an 
assessment of the potential for the different UGSs at a specific brownfield, by analysing 
whether the site fulfils a number of basic conditions. 
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3.3 Phase 3 – Framework application 
The third phase of the methodology aimed to implement the tools developed in phase two in 
a case study to investigate the applicability of the framework. 
Step 6 – Selecting and describing an appropriate case study for the application of the tools 
developed within the framework (Section 4.3.1). A case study was selected based on a set of 
criteria to secure the study to be relevant: 
- To be a brownfield, i.e. have actual or potential contamination issue that poses a 
certain of risk; ecological, human health, or both. 
- To have a certain type of survey performed (e.g. geographical, contamination) with 
access to the collected information. 
- To be local so that data can be verified and recollected if necessary. 
- To have a prospect of future development so that the framework application can 
generate relevant information. 
Step 7 – Applying the decision matrix on the case study to determine the appropriate bio-
based land use to be developed in future (Section 4.3.2). The decision matrix was applied 
using the relevant information gathered on the case study in the previous step.  
3.4 Phase 4 – Reflections and further steps 
The final phase of the methodology reflected on the previous phases to identify issues that 
need to be investigated further and to structure future work based on the findings. 
Step 8 – Identifying issues that require further elaboration for the appropriate realisation of 
bio-based land uses on brownfields (Chapter 5). There may be issues that were loosely 
addressed or not covered at all in the framework, but still are essential for the UGS to be 
successful as a future land use on the brownfield. By reflecting on the framework 
development and application on a case study, such issues were recognised. 
Step 9 – Structuring future research work based on the identified issues that are essential for 
a successful realisation of bio-based land uses on brownfields (Chapter 5). This is about 
elaboration on the essential but missing issues, how they can be addressed and incorporated 
for a successful transition from brownfields to bio-based land use. This essentially resulted 
in the outlining of the future scope of work that will be continued as the next part of the 





This chapter summarises the results of the first three phases of the research 
methodology. It starts with framework support, outlining the selected UGSs as 
potential bio-based land use options and the ES provided by the UGSs as bio -
based products. Next, a bio-based framework is suggested consisting of three 
tools. Among these tools, the decision matrix is then applied to the case study, 
Polstjärnegatan in Gothenburg, Sweden.  
4.1 Framework support 
4.1.1 Selected UGSs as bio-based land use options 
The UGS inventory created by Green Surge (Cvejić et al., 2017; Haase et al., 2015) has a 
total of 44 UGSs (in detail, Section 2.4.1) and among them, 15 has been selected to be 
investigated in this study as potential bio-based land use options at brownfields. The selected 
15 UGSs are elaborated in Table 4 below.  
Table 4. The studied list of potential future green land use on urban brownfields derived from 
the Urban Greenspace (UGS) inventory by Green Surge (Haase et al., 2015). Illustrations 
are created by the author. 
UGS name Description 
Building greens  
 
Building greens refer to plants on a balcony, roof, or 
any place within a building (Cvejić et al., 2017). 
They are mostly potted plants but the use of planter 
boxes are not uncommon, especially for rooftop 
gardening if the building is large enough (Cvejić et 





Bioswales are defined as ‘vegetated, shallow, 
landscaped depressions designed to capture, treat, 
and infiltrate stormwater runoff as it moves 
downstream’ (NACTO, 2020). Bioswales are greater 
in length than width, often designed with engineered 
soils and vegetated mainly with both drought and 






Riparian vegetation or riverbank greens, also known 
as fringing vegetation, grows along banks of a 
waterway extending to the edge (WA Water, 2020). 
Wetland vegetation can include trees, shrubs or a 
ground layer consisting of herbs, grasses or their 
combination in shallow aquatic areas while 
submerged aquatic vegetation can be found in deeper 
wetlands (Wetland Info, 2020). For public use, these 
areas usually made accessible with foot or bike paths 
(Cvejić et al., 2017). 
Urban park 
 
Urban parks are characterised as larger green areas 
within a city intended for recreational use by urban 
population and can include different features, such as 
trees, grassy areas, playgrounds, water bodies, 
ornamental beds, etc. (Cvejić et al., 2017). 
Historical park/garden 
 
Historical parks are similar to urban parks, but with 
elements that are necessary to ensure the heritage 
status and thus requires distinct management (Cvejić 
et al., 2017). Examples of abandoned industrial sites 
turned into parks include the Seattle gasworks park, 
the Duisburg Nord park, and the Emscher Park.  
Neighbourhood greenspace  
 
Neighbourhood greenspaces are characterised by 
Cvejić et al. (2015) as ‘semi-public green spaces, 







Institutional greenspaces are green spaces in and 
around public and private institutions and corporation 
buildings (Cvejić et al., 2017). 
Allotment 
 
Allotments are small parcels rented to people for 
mostly non-commercial production of fruits, 
vegetables, flowers, etc. (Cvejić et al., 2017; 
NSALG, 2020). Allotments were first conceptualised 
in the 19th century to help the urban labouring poor to 
cultivate their food, but more recently the 
recreational purpose is also dominant (Boström, 
2007; NSALG, 2020). As of 2007, there are about 




Community gardens are defined as sections of land 
collectively gardened by a community for the 
specific purpose of growing fruits, vegetables and/or 




Grasslands are open and mostly flatlands with a grass 
cover that exists in every continent except Antarctica 
and relative to the definition, 20-40% of the land area 
of the world consists of grasslands (Nunez, 2019). 
Grazing land for cattle, as well as grass lawns, are 
also considered in this category.  
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Tree meadow/meadow orchard 
 
Tree meadows or orchard meadows are composed of 
scattered fruit trees within semi-natural grassland 
which in turn can be used for grazing (i.e. mixed 
agricultural use) (Cvejić et al., 2017; Plieninger et al., 
2015; Rabenhorst, 2020). Scattered trees cover 
almost 55,000 km2 of farmlands in Europe 
(Plieninger et al., 2015). 
Biofuel production/agroforestry 
 
Biofuel production refers to land specifically devoted 
to energy crop production, such as short rotation 
coppice or poplar (Cvejić et al., 2017). Some food 
crops can essentially be used as biofuel feedstock and 
in Europe, most of the cultivation (80-85%) of 




Horticulture or arable land are defined as land 
devoted to commercial production of vegetables, 




Shrublands are made of shrubs (i.e. short trees or 
hedges) with grass covers in between and thrive on 
areas where the climate is not favourable to support 
tall trees (NASA Earth Observatory, 2020).  
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Spontaneous vegetation  
 
Spontaneous vegetation refers to spontaneously 
occurring pioneer or ruderal vegetation, more 
specifically those occurring on brownfield sites 
(Cvejić et al., 2017). 
 
 
4.1.2 Products of Urban Green Spaces: Ecosystem Services  
ES can be understood as ‘the benefits human population derive, directly or indirectly, from 
ecosystem functions’ (Costanza et al., 1997). The values and services provided by 
ecosystems can be categorised in many ways and the categorisation provided by The 
Economics of Ecosystems and Biodiversity (TEEB) is among the most widely used ones:  
• Provisioning services – food, raw materials, freshwater, and medicinal resources; 
• Regulating services – local climate and air quality, carbon sequestration and storage, 
moderation of extreme events, waste-water treatment, erosion prevention and 
maintenance of soil fertility, pollination, and biological control;  
• Habitat or supporting services – habitats for species and maintenance of genetic 
diversity; and 
• Cultural services – recreation, mental and physical health, tourism, aesthetic 
appreciation, an inspiration for culture, art and design, and spiritual experience and 
sense of place (TEEB, 2020). 
UGS provides many essential non-material educational and recreational benefits to the urban 
dwellers and, most importantly, greenspaces in the cities can be directly associated with the 
overall wellbeing of the citizen (Chiesura, 2004; Maes et al., 2016). Still, only the 
provisioning services, such as food and biomass, has been part of the discussion so far as a 
biological resource in the bio-based CE (European Commission, 2019; TEEB, 2010). 
Limiting the discourse only to provisional services, especially in the cities, would be 
constraining in capturing many other vital services provided by greenspaces in cities. A 
literature review was carried out to better understand the extent of ES that can be provided 




Table 5. Ecosystem services of the studied list of potential future green land use.   
Building greens 
Provisioning services 
Food A study on the city of Bologna (Italy) shows rooftop gardens could provide 
more than 12,000 t/year of vegetables, satisfying 77 % of the inhabitants’ 






A literature review on urban green roofs finds their potential in cooling at 
street level to be 0.03–3 C° and in pollution control, such as small particle 




Urban green roofs can potentially impact annual building energy 
consumption from a 7% increase to 90% decrease by contributing to indoor 




Extensive green roofs can retain almost 75% of rainwater (Scholz-Barth, 




Green roofs can provide sites for bee conservation in urban areas if planted 
with native plants and foraging resources designed to accommodate bees 







A study in residential areas in California (USA) finds bioswales to 
significantly reduce contaminants from stormwater, including suspended 
solids (81% reduction), metals (81% reduction), hydrocarbons (82% 





Another study on a bioswale on a parking lot in Davis (USA) reveals it to 






Riverbank greens provide habitat and support aquatic life (Ozawa & 




Riverbank greens can support production of vegetative biomass (Koopman 





A study of a riverbank green in Mexico suggests that it can store 1.5 times 





Multiple studies show that riverbank greens act as a protective buffer 
between the waterbody and land-based activities both by filtering nutrients 
and by trapping nutrients for groundwater (de Sosa et al., 2018; Hill et al.. 
2006; Kauffman et al., 1997; Meek et al., 2010; Mikkelsen & Vesho, 2000; 




Riverbank greens help in trapping sediment during flooding events and form 
soil, slow down and spread flood water, increase bank stability and 
minimise soil loss in watercourses (de Sosa et al., 2018; Kauffman et al., 
1997; McKergow et al., 2004; Meek et al., 2010; Mikkelsen & Vesho, 2000; 
Ozawa & Alan Yeakley, 2007; Pert et al., 2010; Tickner et al., 2001; Zaimes 




Riverbank greens assist in regulating the watercourse temperature by 
providing shading (de Sosa et al., 2018; Naiman et al., 2010; Pert et al., 







Riverbank greens provide habitat and support for aquatic life, a refuge for 
wildlife in urban and rural areas, and contribute to species richness and 
biodiversity by maintaining wildlife movement corridors (de Sosa et al., 
2018; Gray et al., 2014; Matos, Santos et al., 2009; Naiman et al., 2010; 





Riverbank greens help in increasing the aesthetic value of agricultural and 
urban landscapes as well as provide places for outdoor activity (C. S. Meek 
et al., 2010; Postel & Carpenter, 1997). 
Culture and 
sense of place 
For the locals of Central Benin, riverbank greens are a source of cultural 
importance and traditional knowledge and provide cultural identity and a 
source of belonging (Ceperley, Montagnini, & Natta, 2010; Ricaurte et al., 
2017). 





The urban areas covered by parks, gardens, tree-lined avenues, sports fields, 
and hedges are important sinks for carbon dioxide (CO2) by storing carbon 
through photosynthesis to form plant biomass (Gratani et al., 2016). 
Air quality 
maintenance  
A study in Pudong district, Shanghai (China) demonstrates the effect on air 
pollution by urban parks: 9.1% of total suspended solids (TSP) removal, 
5.2% of SO2 removal, and 6% of NO2 removal (Yin et al., 2011). 
Temperature 
regulation 
A study conducted on 15 mid-size urban parks in Athens (Greece) shows 
that the cooling provided by the parks was varying between 3.3 and 3.8 K/h 





A review covering 62 papers from 25 different countries shows that urban 
parks are consistently among the most species-rich types of urban green 
spaces and contain a large share of exotic species (Nielsen et al., 2014). 
Another study in Bangalore (India) shows that 77% of the vegetation in 
urban parks belongs to exotic species (Nagendra & Gopal, 2011).  
Seed 
dispersion 
A study conducted on the Stockholm National Urban Park (Sweden) that is 
home to one of the largest population of giant oaks shows that the 
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replacement cost (RC) of the seed dispersion services provided by a pair of 
Eurasian Jay (living in the urban park) is between SEK 35,000 – 160,000 




Urban park experience may reduce stress; provide a place to relax, enjoy 
peacefulness and tranquillity; and rejuvenate the city inhabitants (Chiesura, 
2004; Gratani et al., 2016; Ulrich, 1981). 
Overall 
wellbeing 
A study covering 44 US cities shows that the quantity of parks (measured 
as the percentage of the city area covered by public parks) is among the 
strongest predictors of the overall wellbeing of the citizens, driven by parks’ 
contribution to the physical and community wellbeing (Larson et al., 2016).  




Gross benefit from food products per allotment plot in Manchester (UK) can 
be up to £698 in a year. Apart from plant produce, live stocks such as 
chickens are also kept in the allotment garden (Speak et al., 2015). 
Community gardeners in New York City (USA) manage to supply a large 
share of their households’ food product needs with the garden produce 
(Gregory et al., 2016).    
Food security Urban allotment gardens are a historically important source of urban 
resilience against food dependence, extreme weather events or even climate 
change contributing to long-term food security (Barthel & Isendahl, 2013; 
Lwasa et al., 2014; Speak et al., 2015). 
Medicinal 
herb and tea 
Several allotments in Manchester are found to be cultivating medicinal 
herbs both for medicine and culinary purpose (Speak et al., 2015). 
Regulating services 
Soil health A study in the UK shows that soils in allotment gardens have 32% higher 
soil organic carbon (SOC) concentrations and 36% higher Carbon: Nitrogen 
ratios than pastures and arable fields (Edmondson et al., 2014). 
Stormwater 
retention 
The community gardens of New York City, USA are expected to be 
retaining 45 million litres of stormwater due to their raised beds (Gittleman 





A study found that the parks in Manchester (UK) to have about 65% of the 
species richness of Manchester allotment gardens (Speak et al., 2015). 
Allotment gardens in Poznan (Poland) also show to have more native 
varieties of flora (Borysiak et al., 2017). A study in Stockholm (Sweden) 
found the variability of bumblebee visits in urban allotment gardens to be 




Allotment and community gardens are prime spots for education on nature 
and sustainable food production techniques among community groups in 
cities (Breuste & Artmann, 2015; Chan, DuBois, & Tidball, 2015; Middle 
et al., 2014; Speak et al., 2015). 
Health 
benefits from 
Allotment and community gardens provide alternative and more accessible 
physical activities, beneficiary especially for the elderly population (Middle 







A study in Sub-Saharan Africa found community clinic gardens to be a 
place for co-production of knowledge on growing nutritious food by the 
involvement of multiple stakeholders (Cilliers et al., 2018). 
Recreational 
benefits 
The allotment gardens in Poznan (Poland) are treated like recreational 
retreats during the summer months (Speak et al., 2015). In Germany and 
Austria, allotment gardens are also considered as recreational areas in 







Grasslands are commonly used as grazing fields by many communities as 
well as providing games for hunting, thatching materials for roofs and walls, 
medicinal plants, and fruits (Dzerefos & Witkowski, 2001; Egoh et al., 






Grasslands in various regions act as soil carbon storage, at the same time 
providing sites for tree plantation to sequester aboveground carbon (Farley 
et al., 2013; Farley et al., 2004; Hofstede et al., 2002; Paul et al., 2002). A 
study across six European shrublands shows that the net carbon storage in 




Grasslands play an important role in water supply by mitigating and storing 





Grassland restorations in China show improved biodiversity by 32.44% 
(Egoh et al., 2011; White et al., 2000). 
Cultural services 
Maintenance 
of culture and 
tradition 
Alpine grasslands play an important role in Tibetan culture and the 





In Berlin, fruit trees are abundantly used for an ornamental reason but can 
potentially be used for consumption as the fruits are found to pose no 
additional risk from pollution if washed thoroughly and stored properly (von 




A study suggests that with proper maintenance of living ground cover in 
almond orchards, these could provide habitats for pollinators like native 
bees (Saunders et al., 2013). Orchards, abandoned and functioning, are 










Jatropha plantation in a study shows to produce 230 kg biodiesel 
replacement in fossil fuel per hectare as well as producing 4000 kg of plant 
biomass per year (Wani et al., 2012). Agroforestry intercropping of woody 
and perennial bioenergy crops increases combined biomass yield and reduce 





In 4 years, Jatropha cultivation is showed to have increased the carbon 
content by 19% resulting in 25000 kg carbon sequestrated per hectare (Wani 






Strategically planted willow buffers can improve the net global warming 
potential (GWP) and eutrophication potential (EP) of the soil, as well as cut 
back nutrient loading to waters (Styles et al., 2016). 
Water supply 
and storage   
The water holding capacity of the soil under Jatropha plantations showed to 





Agroforestry with combining grass cover and perennial biofuel plantings is 
expected to support a larger and more diverse bee community, as well as 
many other beneficial insects (Gardiner et al., 2010). 
Horticulture 
Provisioning services 
Food and raw 
materials 
Horticulture contributes directly to urban economics through the production 





Based on expert and resident interviews conducted in Berlin (Germany), 
Hofmann et al. (2012) suggest that urban residents generally accept urban 
derelict land as recreational areas, if they are provided with minimum 
maintenance and accessibility. 
 
4.2 A framework for assessing the bio-based land use potential of brownfields 
4.2.1 A conceptualisation of linkages between land use, soil contaminants and time 
As a first tool of the bio-based land use framework, the viabilities of future green land uses 
on urban brownfields can be conceptualised as a relationship between prospective bio-based 
land uses and their gentle remediation potential over time for different types of soil 
contaminants (Figure 10). A specific UGS will interplay with a set of GROs which will 
improve the soil condition, making room for new types of UGSs to take place. The new UGS, 
in turn, will facilitate the possibility of adopting new types of GROs that, subsequently, will 
make another UGS possible, and so on. For example, Land use 1 in Figure 8 can be building 
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greens that can be practised on a sealed surface until a more intensive remediation process is 
scheduled (Whittinghill & Rowe, 2012). Bioswales and biofuel agroforestry are UGSs that 
potentially can be implemented on contaminated sites while assisting in the remediation of 
the soil (Andersson-Sköld et al., 2014; Xiao & McPherson, 2011), for example being Land 
use 2. Natural land uses, such as riverbank greens, have shown effectiveness in cycling, 
trapping, filtering or stabilising certain types of contaminants (de Sosa et al., 2018) and at the 
same time, they can be paired with GRO technologies amplifying and accelerating the 
remediation capabilities. Moreover, UGSs can be developed as a temporary measure bringing 
the abandoned land back in use immediately while a more extensive remediation project can 
be planned or funded. However, more extensive agricultural practices, such as horticulture 
and meadow orchards, need the soil to be sufficiently safe for food production (for example 
Land use n-1). 
 
Figure 10. Conceptual framework showing how different types of gentle remediation options 





4.2.2 Bio-based land use across different timeframes and degrees of required 
interventions 
The second tool of the bio-based land use framework puts different UGSs in the perspective 
of interventions and time frames required for UGS implementation. The scatter diagram in 
Figure 11 is developed as an intermediate step to provide a graphical representation of 
different bio-based land uses (the studied list of Table 3) on brownfields. The diagram is 
elaborated as follows: 
• Potential future green land uses (the identified UGS elements in Table 3) are analysed 
in the context of two basic requirements: interventions and time needed to realise 
them. 
• The Y-axis of the diagram represents the required intervention which can be 
understood as resource intensity requirements of e.g. information, stakeholder 
commitment and capital. This acts as a general understanding of the bulk of work 
entailed by the upcoming development The vertical position of each land-use in the 
figure depicts the relative scale of intervention required – low, medium or high – for 
a UGS to be realised. 
• The X-axis of the diagram indicates the relative time frame in years (Y) estimated for 
realising the future green land use. This axis is scaled in three parts: immediate (<2 
Y), intermediate (2-10 Y) and long term (>10Y). The land uses are positioned 
horizontally according to the expected time needed for implementation. Again, it 
needs to be stressed that the time frame provided here is for initial understanding as 
it is expected to be impacted heavily by site-specific criteria, such as site conditions, 
size, location, and not least concentrations and types of contaminants.  
• The diagram finally incorporates the permanency of the green land uses based on their 
position in the diagram. The more time and resources required, the more likely it is 
for the green land use to be more permanent. Vice versa, land uses with low time and 
resource requirement can be considered as more temporary interventions. 
The potential of UGSs depends on required intervention and the time needed to realise the 
land use. A provisional positioning of the selected types of UGSs (Figure 11) can be 




Figure 11. The scatter diagram of future bio-based land use on urban brownfields with 
provisional positioning of the icons. 
Building greens can be immediately incorporated in the site with no or little modification, 
given that there are existing built structures on site (Castleton et al., 2010). Provided with 
enough structural integrity, roofs can also be fitted with gardens that can grow without the 
concern of contamination of the base soil (Whittinghill & Rowe, 2012). Permanency is not 
an issue considering the often temporary status of built structures on brownfields, but they 
can be kept if desired. 
When brownfields remain abandoned for a significant period of time, a cover of spontaneous 
vegetation is often developed on-site (Mathey et al., 2018). If the site is too contaminated for 
spontaneous growth, carefully selected perennial species of grass can still be used to create a 
grass cover that can act as phytostabiliser (Vangronsveld et al., 1995). Similarly, shrubland 
can be achieved on contaminated sites with similar consideration but it is expected to take 
longer for the bush cover to develop (Velli et al., 2019). Again, permanency is not a primary 
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concern, although spontaneously developed biodiversity resulting from ruderal vegetation 
might lead to calls for conservation (Planchuelo et al., 2019).  
Riverbank greens with their riparian vegetation similarly might not require as intensive 
interventions but as the site areas are expected to be much larger, this would influence both 
capital requirement and time. Furthermore, the presence of rivers also brings the risk of 
increased exposure to contaminants due to flooding events (Pavlović et al., 2019) which 
potentially requires significant preventive interventions.  
UGSs that require communal agricultural practices (e.g. neighbourhood greenspace, 
community gardens, allotments) are subjected to stricter regulations due to the added 
contamination exposure from consumption of food grown on-site, as well as active user 
exposure (Le Guern et al., 2018). Such practices taking place directly on the soil would need 
safety assurance for both users and the environment (SEPA, 1996). If the soil is sealed or 
covered, agricultural practices can take place vertically (e.g. in raised boxes) which is 
considered to be a safe practice by the United States Environmental Protection Agency (US 
EPA, 2011). Also, community-based interventions need to be scaled according to the 
multitude of users involved and the required and/or aspired levels of community engagement, 
especially since participating children may directly ingest soil (Ljung et al., 2007).  
Tree meadows or orchards are UGSs that mainly consist of fruit trees which will take a long 
time to mature, have varied fruiting times, and require more intensive care, such as pruning 
(Karkee & Adhikari, 2015). Even if the fruit can potentially take up contaminants (Trapp, 
2007), a study of fruit orchards in cities shows that by maintaining simple safety measures, 
such as thorough washing and safe storage, safety standards for the produce can be achieved 
(von Hoffen & Säumel, 2014). Horticulture targets crop production for commercial purposes 
which requires the soil to be safe and the food produce to meet set health standards to be 
marketable. If the soil is healthy, this does not necessarily need more interventions, but if not, 
it might require different types of detached cultivation technologies (e.g. vertical agriculture 
or hydro/aero/aquaponics)(Armanda, Guinée, & Tukker, 2019), or simply time for the 
brownfields to be safe enough to engage in such active use. 
Biomass production can easily be practised on brownfields with less pressure from safety 
regulations as the produce is not for direct human consumption (Zhao et al., 2014). Also, 
biofuel production is less affected by soil contaminants and is suitable as the use of marginal 
lands (Andersson-Sköld et al., 2014). Still, although there is a potential market outlet for 
urban biomass, this potential will need significant interventions to be realised (Gondhalekar 
& Ramsauer, 2017). 
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Historical parks may contain soil contamination due to previous economic activities 
(Gąsiorek et al., 2017) posing significant risks to visitors (Hung et al., 2018). If used for 
recreational purposes, such parks do not only require facilities to accommodate a large 
number of users but may also need significant soil remediation (Biasioli & Ajmone-Marsan, 
2007) if not designed in ways to protect visitors from exposure (Erdem & Nassauer, 2013).  
Bioswales require a thorough understanding of the need of the site surroundings and type of 
contaminants as they primarily work as a filter for runoff water purification. The vegetation 
selection and landscaping interventions likely need to reflect this input of contaminants (Xiao 
& McPherson, 2011), e.g. by securing capture and treatment of the infiltrated runoff water 
(Papakos et al., 2010).  
Institutional greenspace requires rigorous safety precautions due to more likely to be accessed 
by people, where a careful design of such spaces need to prompt people towards behaviour 
that avoid remnant contamination (Erdem & Nassauer, 2013). Urban parks can be realised 
similarly but might take longer time to realise needing to accommodate more diverse 
recreational needs. 
4.2.3 A decision matrix for the potential future green land uses on urban brownfield  
The final tool of the bio-based land use framework is a decision matrix that filters out 
appropriate bio-based land uses for a particular brownfield site based on the fulfilment of a 
set of basic conditions. Urban land use is a complex system that is constantly adapting to new 
necessities, more recently to accommodate the rising challenges of sustainable development 
(Wackernagel & Rees, 1998; Zhang et al., 2011). Increasing greenspace per capita is a 
standard strategy with often immediate but subtle impact. Integrating such space in the urban 
fabric is however a challenge (Doick et al., 2006). Retrofitting brownfields responds to the 
first step of this problem that requires finding a place for greenspace but, at the same time, it 
complicates the following steps with several inherent obstacles such as public stigma or 
possible contamination (Coffin, 2003; Erkilic & Ciravoglu, 2018).  
As shown by previous studies, it is difficult to produce a definitive list of criteria for the 
evaluation of future land use on brownfields as there are many local and site-specific 
variables likely to be influential in decision making and which are hard to generalise. Each 
parcel of land is unique and so are the challenges associated with developing it (Kim et al., 
2018; US  EPA, 2011). An inexhaustive list of challenges is provided by US EPA (2011) in 
their interim guidelines to facilitate UA in brownfields: soil type, likely contaminants, crop 
type, garden size, climate, who enters the garden, individual gardener/farmer practice, how 
long they spend in the garden, growing for individual or family use, donation or market, state 
37 
 
regulations, etc. A simpler set of hierarchical criteria is suggested by Kim et al. (2018) for 
development on urban vacant land: previous development, presence of contamination, 
historical importance, remediation feasibility, and existing vegetation quality. The European 
project CABERNET kept it even simpler by using only land value and reclamation cost to 
categorise brownfields (Bardos et al., 2016b; Ferber et al., 2006; Tang & Nathanail, 2012). 
Based on these previous studies, a suggested shortlist of basic conditions including the pre-
conditions required for bio-based land uses is presented in Table 6. This shortlist is not 
intended as a complete set but rather as a starting point to trigger the process of greening by 
indicating the potential of a brownfield.  







Building greens – Presence of built infrastructures 
Institutional greenspace – Institutional ownership or interest 
Riverbank greens – Presence of a waterway 
Historical park – Historical relevance 
Neighbourhood greenspace – Adjacent neighbourhood 
Spontaneous vegetation – Derelict site conditions 
Density The density in the urban context, having an either dense or sparse character 
of building stock within the site or positioned either in a dense or sparse 
neighbourhood.  
Sealing The presence of sealing on soil that e.g. may function as an exposure 
barrier on contaminated soil and provide a surface for vertical planting  
Size The size of the land parcel available for development further categorised 
as large (>1 ha), medium (0.1-1 ha), small (<0.1 ha). For some land uses, 
the available size is affected by the share of sealed and non-sealed areas 
on the site. 
Access The degree of (future) public access to the site. 
Management The type of management involved in or required for bio-based production 
in the future bio-based land use. 
Profit The need for profit generation linked to the biological resources to be 
produced on the site. 
GROs 
potential 
The possibility of green land use to facilitate soil remediation through 
GROs. This always implies that a risk assessment is needed to ensure that 
the risks are not too high (for humans or ecosystems) to be handled with 
GRO.  
Regulations The regulations and policies by authorities (local, national or global), that 
need to be adhered to when realising a new land use. 
The next step is to connect the different types of UGS to the basic conditions affecting green 
land use on brownfields, by a screening matrix (Table 7) pairing the potential future UGS 
options (Table 4) with the selected set of basic conditions (Table 6). The degree of fulfilment 
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of basic conditions for a particular brownfield site can be marked using green (fulfilled), 
brown (not fulfilled), grey (unsure), yellow (can be changed if needed) or blue (not 
applicable). At this point, this decision matrix is exploratory and needs to be applied and 
assessed through future empirical work.  
Future green land use on urban brownfields depends on the density of the urban area. For 
example, in compactly developed parts of a city, both vertical building greens and bioswales 
on roadsides could still be manageable within a tightly weaved urban fabric while building 
greens make less sense in more sparsely built areas. Also, UA practices that traditionally take 
place in sparse parts of cities can be done vertically in dense neighbourhoods. Though there 
is high pressure on land in many cities, legislative or financial issues can hinder the pace of 
brownfield development. In such cases, spontaneous vegetation can bring abandoned land 
back into delivering ecosystem functions also in dense areas. 
Sealing becomes important since most greenspaces require open soil but again, vertical 
greens, as well as allotments and community gardens, can take place on sealed surfaces, e.g. 
overriding the safety precautions needed for contaminated soil exposure. Obviously, UGSs 
such as grassland, shrubland, meadow orchards and horticulture cannot take place on sealed 
surfaces.  
Though the size of the brownfield is somewhat subjective, natural UGSs, such as riverbank 
green, grassland and shrubland require rather large parcels of land, as do commercial 
agriculture practices, such as horticulture and biofuel. Meadow orchards and historical parks 
may take place on both large and medium-sized sites. In contrast, communal green space 
practices, such as neighbourhood greenspaces, community gardens and allotments, can be 
managed on medium to small land plots. Building greens are not dependent on the size of the 
soil surface but the floor or wall area of the built infrastructure. Spontaneous vegetation will 
grow on any brownfield irrespective of its size. 
Access to a site will also have an impact on the viability of the future bio-based land uses. 
UGSs such as riverbank greens and shrubland, and possibly also grassland and meadow 
orchards, are expected to have public access. Bioswales are usually also public, typically 
being part of other public spaces such as roadsides or parking lots. Access to agricultural uses 
ranges from semi-public to private, depending on the flexibility and interests of the 
responsible authority, owner or active users.  
The number and type of involved stakeholders in developing and maintaining a UGS also 
depend on how the management is carried out for the type of activity. Commercial agriculture 
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is commonly practised as a private business, while neighbourhood greenspaces, community 
gardens and allotments, typically are for communal usage. Meadow orchards can be managed 
during harvesting seasons both privately and communally.  
For the products of agricultural activities in urban greenspaces, profit requirements may play 
a critical role. The products from horticulture and biofuel production are for commercial 
purposes and require buyers, refineries, and a functional niche market. Environmental 
improvements through e.g. building greens can also bring commercial benefits. In contrast, 
food produced from communal agricultural practices are for personal or shared use and 
typically does not require a commercial outlet.  
Two criteria need to be checked to assess the GRO potential in parallel to the green land use. 
Firstly, for GROs such as phytoremediation to be effective, it needs to take place in the soil 
itself, thus the soil cannot be sealed. Secondly, as GROs would take place on contaminated 
sites, any edible produce grown directly in the soil is potentially unsafe for consumption. 
Grassland and meadow orchard can also be considered unsafe as they can be used for cattle 
grazing and could affect the cattle, and consequently humans by biomagnification. There may 
be specific types of crops in combination with specific types of contaminants that still makes 
it possible to grow edible crops, but such a scenario would need an in-depth risk assessment 
to be accepted. If the produce is not for human consumption and the site is unsealed, GRO 
intervention can in principle take place parallel to green land use. However, human activities 
at contaminated sites always imply some human exposure to contaminants via soil intake, 
dermal contact, inhalation of dust and vapours, and a risk assessment should always be 
carried out.  
Different types of local, national and transnational regulations strongly affect what can and 
cannot be done on brownfields and site specifics such as contaminant condition can have an 




Table 7. Decision matrix for potential future green land uses on urban brownfields. If the condition in the box is fulfilled for a specific site: mark green 
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4.3 Framework application 
4.3.1 Case study – Polstjärnegatan in Gothenburg, Sweden 
The case study is a brownfield in Gothenburg (Sweden) with confirmed contamination issues. 
A tire 1 environmental risk assessment or human health and ecological risk assessment is 
carried out by the consultant company SWECO in 2016 for Gothenburg municipality (Kaltin 
& Almqvist, 2016). The risk assessment report has been used as the primary source of 
information for the site investigation. An additional in-person survey of the physical 
conditions of the site was done by the author on January 11, 2020, and the photographs used 
in this section are taken then as part of the survey. 
Geographical context 
The study site is located within the Lindholmen district and is part of an urban landscape that 
is undergoing rapid transformation. The area is surrounded by roads and railways on all sides; 
Polstjärnegatan to the south (the street that is being used to refer to the site), Karlavagnsgatan 
to the east, a petrol pump and fast food restaurant (Sybilla) to the west, and a rail line 
(Hamnbanan) to the north. For the geographic location of the site, refer to Figure 12b. The 
site is part of the concept plan of Karlastaden, a large scale housing and commercial facility 
(Figure 12b, highlighted, see legends, and for more information the project’s link), where the 
construction is ongoing for some parts. The planned future use of the site is as a park area, 
specially designed to help with the surface water runoff (Figure 12c) with new roads 
constructed on the sides.  
The study area comprises about 14,800 m2, which mostly consists of sparsely vegetated 
spaces at present (Figures 12a and 12c). Part of the site is currently being used to store 
construction materials (e.g. sands, gravels; Figures 12d and 12e) and onsite construction 
sheds for the workers involved in building Karlastaden is soon to be placed on the site. The 
site is rented by the construction company Serneke for seven years which is the expected 
length of the construction period of the premises in the surroundings.  
Historical use and contamination 
The contamination risk assessment by Sweco shows that, historically, most of the site has 
previously been used as a yard with loading and unloading operations for coal products, 
forming part of Sannegårdshamnen and its shipyard. The shipyard was in operation from the 
early 1900s to 1980-90s. After the shipyard was closed, the site was turned into a golf course, 
demolishing the yard structures and the rail cross-ties and replacing them with sludge brought 
in from Ryaverket (sewage treatment plant) to model the surface. The golf course was closed 
in the early 2000s and since then the site has remained unused for a large part, although 
several illegal cable burning spots for metal reclamation have been found upon closer 






Figure 12: a. Panoramic view of the case study site, Polstjärnegatan, and the surroundings 
(source: author); b. Location map of the case study with the planned future intervention 
(source: background is sourced from Google earth with the interpolation done by the 
author); c. Concept plan of the Karlastaden development with the site area highlighted 
(source: Kaltin & Almqvist (2016) further edited by author); d. and e. Physical conditions of 









The analysis results indicate that the pollution levels in the surface soil (0-0.7 m) within a 
relatively large part of the area are higher than the quantitative remediation targets for the 
land use, ‘park area’. The remediation targets have been sourced from another risk 
assessment study that developed site-specific guideline values for ‘park area’ in a different 
case study site. Within limited areas where the cable burning has been observed, the most 
superficial soil exhibits high levels (usually higher than FA) of lead, copper and zinc. 
4.3.2 Decision matrix application 
The first step of applying the decision matrix (Section 4.2.3) is to check how the case study 
site at Polstjärnegatan performs concerning the basic conditions detailed in Table 6. The 
results from this first step are detailed below in Table 8.  
Checking through the pre-conditions required for six of the UGSs, the site fulfils the pre-
conditions for two of these. The site is in derelict condition with some vegetation cover, i.e. 
spontaneous vegetation is possible. It has an adjacent residential neighbourhood so the pre-
condition for neighbourhood greenspaces is also fulfilled. Pre-conditions for two more UGSs 
can potentially be met through future interventions: building greens that would need physical 
structures currently missing and institutional greenspace if an institution grows an interest 
for the site. The site is not near any waterway, so riverbank green is not possible. The site 
also doesn’t retain any feature of historical significance that would be of preservation interest, 
so a historical park is also not a likely land use.   
For density, the site is located in a rapidly developing urban area but the site in itself is large 
in size (~ 1.48 ha) and empty, apart from the scattered vegetation. It is also unsealed. The 
access to the future land use developed on the site is difficult to assume beforehand but as 
the designated future land use in the current development plan of the site is as a park area, 
public or at least, semi-public access can be expected. Both management and profit, on the 
other hand, cannot be clearly defined at present. The requirement for the last two basic 
conditions, GRO potential and regulation, are still to be investigated in future studies (see 










Building greens - Presence of built 
infrastructures   
Not present but can be 
changed if needed 
Institutional greenspace- Institutional 
ownership or interest 
Not present but can be 
changed if needed  
Riverbank greens - Presence of a 
waterway 
Not present 
Historical park- Historical relevance Not present 
Neighbourhood greenspace-Adjacent 
neighbourhood 
Present, adjacent housing 
facilities 
Spontaneous vegetation- Derelict site 
conditions 
Present 
Density Site (Dense or sparse)  Sparse 
Surroundings (Dense or sparse) Dense 
Sealing Sealed or unsealed  Unsealed 
Size Large (>1 ha), medium (0.1-1 ha), small 
(<0.1 ha) 
Large (14,800 m2 ~1.48 ha) 
Access Public, semi-public, or private Semi-public or public 
Management Individual, communal, private or public Undecided, possibly public 
Profit Needed or not needed Undecided, but can be both 
GRO 
potential 
The possibility of green land use to 
facilitate soil remediation with GROs. This 
always implies that a risk assessment is 
needed to ensure that the risks are not too 
high (for humans or ecosystems) to be 
handled with GRO.  
Not investigated yet 
Regulations The regulations and policies by authorities 
(local, national or global), that need to be 
adhered to when realising a new land use. 
Not investigated yet 
After analysing the basic conditions, the decision matrix is applied to the case study, 
Polstjärnegatan, see Table 9.  
As pre-conditions for two of the UGSs are not fulfilled, riverbank green and historical park, 
this makes them unviable future land use options for the site. Pre-conditions for two other 
UGSs, building green and institutional greenspace, are not yet fulfilled but can be changed 
in future, but this still makes them impractical to consider in the present condition of the site.  
As a result of applying the decision matrix, the basic conditions are fulfilled at the case study 
site for six out of fifteen UGSs: There is already some spontaneous vegetation on the site at 
present so this can clearly be continued in future. Similarly, other types of natural vegetation 
cover, such as grassland and shrubland, are also possible on site, although this would require 
proper planning and consideration for the contamination condition.  
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Table 9. Decision matrix application on the case study site, Polstjärnegatan. If the condition in the box is fulfilled for a specific site: mark green  
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Urban park is both a possible and likely UGS as the future planned land use is in fact a park 
area.   
Meadow orchard is another UGS whose basic conditions are completely fulfilled. Still, as it is 
a UGS that can potentially produce edible products (i.e. fruits from the fruit trees) and given 
the contamination conditions of the site, producing edible products can be a reason of concern 
without proper risk management. Allotment is also a plausible UGS on the site but will need 
even more careful attention on the safety guidelines and risk management considering the site 
contamination conditions as it is a user intensive UA.  
Neighbourhood greenspace and community garden are examples of other UA land use that 
fulfils all the basic conditions apart from the size which might be possible to change in future 
through subdivision of urban functions at the site. But the concerns over contamination similar 
to that of allotment will be an issue for these practices as well.  
Horticulture is the final UA practices that undoubtedly will need careful guidance and 
consideration to be implemented on the site. However, the main issue will be that this land use 
would most likely require exclusively private access while the planned future land use on the 
site is public or at least semi-public. Even though biofuel production on the site can be 
undertaken with little to no concern over the contamination condition, this land use will also 
lead to privatised or limited access to the site.  
In relation to Bioswale, the site does not fulfil the basic condition for size as small to medium 
sizes are preferable. Still, this UGS can be especially applicable on the site given the site 
context. Bioswales work to treat and capture stormwater runoff and as the site is surrounded by 
heavily trafficked roads, this could be an appropriate land use to implement. A subdivision of 
urban functions at the site could facilitate such land use and this is corroborated by the planned 
future land use for the site which is ‘park area specially designed to help with the surface water 




5 ONGOING WORK – REFLECTIONS AND FURTHER STEPS 
This chapter identifies issues that require further investigation for a successful 
assessment of the potential for bio-based land use on urban brownfields and 
outlines the ongoing work addressing these issues.  
Urban brownfields face a multitude of issues but, at the same time, provide a unique opportunity 
for incorporating bio-based land uses in the cities. The bio-based land use framework 
introduced in this thesis tackles a number of the relevant aspects, but it was apparent from the 
framework realisation and application that some aspects need further elaboration for completing 
an assessment of the potential for bio-based land use on brownfields. The three issues that have 
been identified and presently are being investigated further are discussed in the following 
sections.  
5.1 Stakeholder planning and governance for realising bio-based land uses 
Section 2.7 elaborates on how realising bio-based land uses on urban brownfields would 
contribute to the much-needed greenspaces in the cities providing many ES that impacts the 
health and well-being of the citizens as well as urban environments. The competition for urban 
land among stakeholders is, however, very high and retrofitting brownfields as urban 
greenspaces will inevitably involve a range of stakeholders who may have conflicting interest 
in the issue. Any initiative to realise bio-based land use needs considerate and consistent 
planning for facilitating multi-stakeholder engagement.  
The purpose of the ongoing work regarding the stakeholder engagement is to develop a method 
that may support the facilitation of a feasible and democratic process of brownfield 
regeneration for a more effective and realistic realisation of bio-based land uses 
(Amirtahmasebi et al., 2016; Bunyan, 2015). The ongoing work is focused on the case study 
site, Polstjärnegatan, Gothenburg (SE). The objectives of the study are to: 
• identify and analyse the relevant stakeholders to realise a bio-based land use in urban 
brownfields 
• suggest a generic method for stakeholder analysis and engagement that can be adapted 
according to different cases and different land uses 
The bio-based land use matrix filters out certain UGSs that are appropriate for the site and the 
further analysis co-produced with the stakeholders will help shorten the list. Stakeholder groups 
relevant for realising bio-based land uses on urban brownfields will be identified from the 
literature and will then be localised for the case study to create a list of stakeholders that can be 
used for creating a reference group whose members will be further engaged via workshops or 
questionnaire surveys. The Crosby method (1991) is selected to develop a matrix in which 
information for each stakeholder group is arranged according to the group’s interests, the level 
of resources it possesses, its capacity for mobilisation of resources, and the group’s position on 
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the issue in question. The strategy decided at present is to develop questionnaires according to 
the Crosby queries and to use the data to analyse stakeholders’ power and interest in realising 
specific UGS on site.  
5.2 Selection of GRO strategies corresponding to different bio-based land uses 
One of the key arguments for assessing the potential for bio-based land use on brownfields is 
to explore the gentle remediation potential of the vegetation to manage risks posed by the 
contamination present on site. Complementing a bio-based reuse of brownfields, the 
remediation process can potentially be carried out by  means of GRO strategies which are based 
on low-cost and long-term methods, without negative secondary impacts and with potential to 
manage risks and improve soil ecology (Bardos et al., 2008; Onwubuya et al., 2009). GROs are 
elaborated (Section 2.5) and also included as a basic condition in the decision matrix (Table 5) 
but assessing GRO potential for contamination risk mitigation and strategy selection is 
dependent on a multitude of issues (e.g. type of contaminants, exposure pathways, land use) 
that cannot simply be generalised and will require decision support in itself (Cundy et al., 2015; 
Kennen & Kirkwood, 2015).   
The ongoing study regarding this issue focuses on developing decision support strategies to 
assess GRO potential and select GRO strategies along different timeframes to reach the 
maximum benefits of a brownfield within the circular land-use regime. The scope of work 
within this study includes: 
• Reviewing existing decision support strategies for assessing GRO potential and 
selecting GRO strategies to analyse different criteria and identify the ones that can 
support land use and contaminant specific selection; 
• Characterising the critical risks associated with different green land uses and 
contaminants and identifying relevant risk mitigation mechanisms for GRO strategies,  
• Modelling a Decision Support Tool (DST) that supports a site-specific selection of GRO 
strategies along different land uses; and 
• Applying the new DST on a case study.   
5.3 Evaluating contamination risks in different Urban Agriculture practices 
One issue that has been identified since the framework development is that certain UGSs are 
more sensitive to the potential contamination of urban brownfields than others. Specifically, 
UGSs that are also UA practices are more susceptible as the consumption of fresh produce 
grown on contaminated soil can be an added exposure pathway for the urban population 
(Säumel et al., 2012). These concerns have led many countries to follow strict regulations for 
gardening in urban areas, considering the use as sensitive to contamination exposure as 
residential use (US EPA, 2011). But there are many different types of UA practices with varying 
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degrees of user involvement and management. Although there are some studies published on 
human health risks associated with UA (Entwistle et al., 2019; Margenat et al., 2019; Sharma 
et al., 2015; Weber et al., 2019), there exist neither a definitive soil screening guideline used by 
city authorities that refers to different UA practices nor studies on UA scenarios that would help 
modify the exposure parameters to facilitate creating of such models  
Further work planned on this issue is to identify different UA scenarios and to compare the 
contamination exposure in these scenarios to highlight the difference in associated risks. The 
scope of work includes creating an exposure risk model combined with UA scenario sensitive 
parameters to test on different UA practices. The scenario exposure data is planned to be 
collected from surveying different UA user groups in Gothenburg, Sweden. Data collected via 
a questionnaire survey will be used for more accurate input data which better represent real-life 
scenarios. More knowledge on the exposure from soil contamination from different UA 




6 DISCUSSION AND CONCLUSIONS 
The final chapter of the thesis presents a summary discussion on the thesis output 
and limitations. It further outlines possible future work s in support of the future 
realisation of bio-based land use on urban brownfields.  
The suggested framework for assessing bio-based land use potentials on urban brownfields is 
presented in Section 4.2. The framework is the result of initial attempts to incorporate CE values 
with marginal urban land renewal by exploring their potential to be redeveloped as urban 
greenspaces. The framework consists of three tools; a) a general conceptualisation of how the 
potential for bio-based production on brownfields is linked to soil contaminants, gentle soil 
remediation options and time; b) a graphical representation of required interventions and time 
spans to realise bio-based land uses on brownfields, and c) a decision matrix showing how site-
specific conditions affect the potential for different types of bio-based land uses.  
The framework application at the case study site, Polstjärnegatan in Gothenburg, shows the 
potential of the developed tool. The decision matrix applied to the case helps to filter out urban 
greenspaces that are preferable considering the basic conditions of the study site. The potential 
for future land uses on brownfields can be attributed to many site-specific conditions (Kim et 
al., 2018; US EPA, 2011) and the decision matrix consists of a limited set of conditions. Thus, 
it was also apparent that even with just elementary insights on a brownfield’s contextual 
properties, the list of potential bio-based land uses can be shortened even further. Applying the 
decision matrix can also help to support the present choice of future land use as park area 
specially designed to help with the surface water runoff’ (Kaltin & Almqvist, 2016) at 
Polstjärnegatan as both ‘urban park’ and ‘bioswales’ are filtered out as appropriate future green 
land use on the site.  
The case study application also highlighted the limitations of the framework in addressing 
issues that are vital for realising certain bio-based land uses. Several issues have been identified 
that needs in-depth consideration for the bio-based land use to be realised and are presently 
being investigated. Involvement of stakeholders is essential in effective realisation of urban 
greenspaces, as discussed by Azadi et al. (2011) who goes on to identify groups of stakeholder 
that are of particular importance. Bio-based land uses and GRO technologies can potentially be 
combined for management of the site. GRO as the sustainable alternatives of resource-intensive 
‘dig and dump’ remediation (Carlon et al., 2009; Cundy et al., 2015; EEA, 2014) has the large 
potential to be implemented at low-level contaminated sites (Cundy et al., 2016). This potential 
has been addressed in the decision matrix. But to understand the GRO potential, analysis of 
several site-specific elements, such as type of contaminants (Kennen & Kirkwood, 2015), 
climate conditions, site topography (Andersson-Sköld et al, 2014) and soil quality aspects other 
than contaminant concentrations, needs to be assessed. This will essentially lead to the next step 
which would be selecting appropriate GRO technology regarding the site-specific conditions. 
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One of the biggest challenges in retrofitting brownfields is the risk of exposure from the 
potential contamination and the risk is even heightened for some bio-based land uses, i.e. UA 
(US EPA, 2011). The bio-based land use framework leaves room for further development on 
risk management on contaminated sites, especially regarding UA practices that would benefit 
from more insights on the risk associated with the land uses.   
It is important to keep in mind that the case study for the framework in this thesis has been a 
local brownfield site in Gothenburg and that the outputs from the framework application, its 
benefits and limitations, thus are contextual. Applying the framework in different cases would 
help to bring forward different benefits and limitations which would in return, help to improve 
the framework. The application of the framework in the Swedish context is none the less an 
important exercise that will help to increase the applicability of the framework also for other 
contexts. However, the framework in itself is not an endpoint in the quest for realising bio-
based land uses on brownfields, but rather something useful at the beginning of a redevelopment 
process. The bio-based land use framework is designed to be used at the initial stage of an urban 
land redevelopment process but needs to be supported with flexible policies promoting bio-
based solutions. Policy guidelines need to be developed to support not only bio-based land uses 
at brownfields, but also provide guidance on assessing GRO potential and implementation as a 
bio-based remediation solution for these uses. But for GROs to be incorporated in 
policymaking, knowledge on the effectiveness of GROs to manage risks and the conditions 
under which GRO are possible to implement need to be developed and communicated. A better 
understanding of UGSs as bio-based land use options, coupled with the decision matrix for the 
assessment of their potential as future land uses on brownfields can, in the meantime, assist the 
relevant stakeholders and support decision-makers in redeveloping brownfields for green land 
use.  
The main conclusions of this study are: 
• Urban brownfields provide a unique opportunity to incorporate Circular Economy (CE) 
values in cities and can be identified as valuable land wastes of a linear land use system, 
in this way providing new options for bio-based land uses. In the circular land use 
system, brownfields are not considered as a waste but as a valuable resource in the 
transition from abandonment to redevelopment and reuse. 
• Bio-based land uses can be appropriated as urban greenspaces (UGS) which are 
fundamental for urban wellbeing by providing the citizens with numerous ecosystem 
services (ES) that can be considered as bio-based products in the urban context. 
• Bio-based land uses in combination with gentle remediation options (GROs) can 
potentially be used to manage risks to humans and ecosystems posed by contamination 
present on the brownfields.  
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• The presented bio-based land use framework can help to assess the potential for bio-
based land use on urban brownfields utilising the three practical tools: 
- A diagram indicating the linkages between various bio-based land uses on 
brownfields and GRO interventions over time; 
- A scatter diagram with a set of 15 bio-based land uses to conceptualise the 
potential of these linkages; and  
- A decision matrix to analyse the requirements and assessing the potential for 
UGSs and GROs on brownfields. 
• The application of the decision matrix on a case study site helped to filter the potential 
bio-based land uses on the site as well as to highlight the issues that need further 
investigation for a successful transformation from brownfield to urban greenspace. 
The following areas for further research have been also identified: 
• Ongoing works to broaden the scope of application of bio-based land use framework 
are presented below: 
o Stakeholder planning and governance for realising bio-based land uses, 
o Selection of GRO strategies corresponding to different bio-based land uses, 
o Evaluating contamination risks in different Urban Agriculture (UA) practices. 
• Continuing the work on the case study by applying the other two tools developed as part 
of the framework (the conceptualisation of linkages (Figure 10) and bio-based land uses 
across different timeframes and degrees of required intervention (Figure 11)) to 
understand the applicability and analyse the output. 
• Exploring the potential of the bio-based land use framework at the city scale and 
producing GIS-based visualisations of:  
o bio-based land use alternatives and their impact on bio-based production over 
time; and  
o stakeholder preferences/expectations linked to bio-based production in 
particular locations in the city. 
• Exploring the regulatory landscape involving brownfield revitalisation and greenspace 
realisation to support policy formation on:  
o guidelines for short term and intermediate term bio-based land use on 
brownfields; and  
o the institutional innovation needed for implementing a circular economy in 
promoting circular bio-based land use on cities. 
The research work in this thesis has led to a better understanding of the benefits and the potential 
of bio-based land uses on urban brownfields. The tools developed as part of the bio-based land 
use framework offer different ways of assessing the bio-based land use potential. The research 
output can help to strengthen the sustainable redevelopment of urban brownfields by 
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